Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/EP05/002270 
International filing date: 02 March 2005 (02.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0404982.1 

Filing date: 05 March 2004 (05.03.2004) 



Date of receipt at the International Bureau: 09 May 2005 (09.05.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




% Office I 
% # 




( 




INVESTOR IN PEOPLE 



The Patent OflBce 
Concept House 



EPO - DG 1 
1 1. 04. 2005 



Cardiff Road 
Newport 



South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, pic, 
P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 3 March 20d5^ 



Signed 




An Executive Agency of the Department of Trade and Industry 



Pate^*! Form 1/77 

Patents Act 1977 
0R.uicl6) 



Request for grant of a patent 

(See the notes on the back of this G>xm. You can also get ^ 
an essplanatOTyleaSetJSrom the Patent OJSSce to bdp y^^u SU in 
tbisfoxm) 



' Eatent • 
I Office I 



mmk wwH mM 



?Oi/77aO: 0,00-0404982.1 HONE ,/ 



\ 



iflOi- 



The Patent Oflfice 

Cardiff Road 
Newport 

South Wales 
NPIO 8QQ 



1. Your reference 



2 . Patent application number 

(lie Patent: Office wiU fitt this part in) 



0404982.1 



S^!i=r^'S^*'"|mfl«T UfrHT i,EViC£S. X^eu>^ uw,nxs> 

Patents ADP number (Tj'o.* know it) ^£^rh>SS.%%>^H 2 2 2,G ^ ^ 

If the applicant is a corporate body, give the COUMTV ^VNTSjIV^ 

counix5r/state of its incorporation Nio^it££M X/5£l.A*^b ^ 6>7'3r7 0Q£> 

4. Title of the invention 



5. Name of your '^ent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
Cincluding the postcode) 



Patents ADP number (if you know it) 



6. Priotit)^: Complete this section if you are 
declaring priority JBrom one or more earlier 
patent applications, filed in the last 12 months. 



Countrf 



Piioiity application number Date of filing 

(if you know it) (day / month /year) 



Divisionals, etc: Complete this section only if 
this applLcation is a divisional application or 
resulted from an entitlement dispute (see note 0 



Is a Patents Form 7/77 (Statement of 
inventorship and of right to grant of a patent) 
required in support of this request? 
Answer YES if. 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor v7ho is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
Otherwise answer NO (See note d). 



Number of earlier UK application D ate of filing 

Cday / month /year) 



Patents Form 1/77 



Pate*>ts Foim 1/77 

/ 

9. Accompanyiag documents: A patent application 
must include a description of the iayention. 
. Not counting duplicates, please enter the number 
of pages of each item accompanying this form: 

Continuation sheets of this form O 

Description 

Claimr^^ (3 

Abstract 

Drawingcj?) ^ 





10, If you are also JBling any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents ^ 

Statement of inrentorship and right 
to grant of a patent (Patents Fom 7/77) 

Request for a preliminary examination Q 
and search CPatcnts Form 9/77) 



Request for a substantive examination 
(patents Fonn 10/77) 



O 

Any other documents (please specdfjO O 



1 1. 3/We request the grant of a patent on the basis of this application. 

SignaturcCs) /!fia.\jJa|jQ^Ol_ Date -If-j^/oLp 



12. Name, daytime telephone number and 



Warning 

After an appHcation for a patent has been filed, the Comptroller of the Patent Omce will consider whether pubHcation or 
commumcation of the invention should be prohibited or restricted under Section 22 of the Patents Act 19771 You wiH be informed if it 
is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the United Kingdom, Section 23 of the Patents 
Act 1977 stops you from applying for a patent abroad without first getting written permission from the Patent Office unless an 
application has been filed at least 6 weeks beforehand in the United Kingdom for a patent for the same invention and either no direction 
prohibiting publication or communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fiU in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate sheet of paper and 
write "see continuation sheet" in the relevant partCs). Any continuation sheet should be attached to this form. 

d) If you have answered YES in part 8, a Patents Form 7/77 wiH need to be filed, 

e) Once you have filled in the form you must remember to sign and date it. 

f> Part 7 should only be completed when a divisional appKcation is being made under section 15(4), or when an appHcation is being 
..made under section 8(3), 12(6) or 37(4) foUowing an entitlement dispute. By completing part 7 you are requesting that this 
application takes the same filing date as an earlier UK appHcation. If you waat the new appHcation to have the same priority date(s) 
as the earHer XJK. appHcation, you should also complete part 6 with the priority details. 



Aug 03 



Patents Form 1/77 



JXUOROMETER 



Field of the Invention 

The present invention relates to fluorometers. The invention relates particularly to 
fluorometers for use underwater, especially in the inspection of pipelines, risers, 
other structures or devices. 

Background to the Invention 

A fluorometer is an instrument for detecting and, usually, measuring fluorescence. 
Some substances, for example hydrocarbon substances such as oil, exhibit a 
natural fluorescence. Other substances may be provided Avith a fluorescent agent, 
or tracer, such as fluorescein. A typical fluorometer includes an excitation source, 
for causing fluorescence in a target substance, and a detector for measuring the 
resultant fluorescence. 

It is known to employ fluorometers in the detection of leaks of fluorescent 
materials from underwater objects such as pipelines or risers. For example, US 
4,178^512 (Frungel) describes a^fluorometer for measurements in deep water, -The . 
Frungel device comprises a flash lamp xinit with detector system orientated at 
right angles to the lamp. However, the Frungel device is ordy capable of detecting 
fluorescent material within a few inches of the lamp/detector. To compensate for 
the very short range, or point nature, of the measurement, such devices can be 
used in vertical profiling or simply towed thrqugh the water at a varying depths. 
As a result, such devices may miss significant patches of the fluorescent target 
thereby giving a false picture of the distribution of the fluorescent species. Such 
devices are therefore considered to be very inefficient. 

GB 2 089 501 (Conoco) discloses an apparatus for detectiag hydrocarbons in a 
body of water, wherein the excitation source comprises a laser which scans the 



body of water to excite and detect fluorescent materials. The Gonoco apparatus is 
reported as being particularly suited to detecting hydrocarbons on or near the sea 
surface from a range of several meters. However, because the apparatus is laser- 
based, it is bulky, expensive and requires a relatively large amount of power. 
5 Consequently, such apparatus have restricted use on ROVs (Remotely Operated 
Vehicles) and particularly AUVs (Autonomous Underwater Vehicles). Moreover, 
such apparatus suffer from the practicalities associated with health and safety 
issues surrounding lasers. ' 

US 6,255,1 18 (Alfano) discloses a fluorometer which employs an LED (Light 
Emitting Diode) excitation source. However, the LED excitation source is only- 
suitable for exciting material held in a local sample cell. Such devices are not 
suitable for long range, or remote, detection, particularly underwater. 

It would be desirable, therefore, to provide a fluorometer which is capable of 
remotely detecting fluorescent material, especially in an underwater environment, 
and which does not s^Iffer from the problems outlined above. 

Summary of the Invention 

Accordingly, a first aspect of the invention provides a fluorometer comprising an 
excitation system including an excitation source for producing a beam of 
excitation tight capable of causing fluorescence in remote fluorescent material; 
and a detection system for detecting said fluorescence, wherein said excitation 
source comprises one or more tight emitting dibdes (LEDs) associated with a 
system of one or more lenses in brder to produce said beam of excitation tight. 

Typically, the arrangement is such that the excitation beam is capable of causing 
fluorescence in fluorescent material at distances of up to several meters, for 
example 1 to 15 meters, from the. fluorometer. 



In some embodiments, the excitation source comprises a single LED. in such 
embodiments, the excitation beam may comprise a generally circular transverse 
cross-sectional shape. In alternative embodknents, the excitation source 
comprises two or more LEDs, preferably arranged in a substantially coUinear 
fashion. In such embodiments, the excitation beam may comprise a generally 
elHptical transverse cross-sectional shape. , 

Preferably, the lens system comprises one or more coHimating lens. 

Advantageously, the beam of excitation Ught is modulated with a modulating 
signal haAdng a modulation frequency. Conveniently, the excitation beam is 
amphtude modulated by said modulation signal. 

In preferred embodiments, the detection system comprises a photodetector ' 
arranged to received light gathered by said detection system to convert said 
gathered hght into a corresponding electrical signal. Advantageously, an optical 
filter is associated with said photodetector, the filter being selected to only allow 
hght which is at or aroxmd the frequency band of the fluorescent light emitted by 
target fluorescent material to reach said photodetector. The preferred detection 
system ftp±her includes, or is associated with, means for performing spectral 
analysis of the electrical signal produced by the photodetector and means for 
determining the value of the spectral component of said electrical signal 
corresponding to said modulation frequency. The value of said spectral 
component is indicative of the level of detected target fluorescence. 
Advantageously, the analysis of the electrical.signal is performed by a digital 
signal processor which is preferably included in the detection system. 

In some embodiments, the excitation system and the detection system are 
provided in a respective housing, the respective housings being located adjacent 
one another and arranged such that there is an overlap, during use, between the 
excitation beam emanating from the excitation system housing and the field of 



■vision, or detection volume, of the detectiqn system housing. Preferably, the 
respective housings are adjustably iatercoimected so that the relative angular 
disposition of the respective housings may be altered. 

In alternative embodiments, the excitation system and the detection system are 
located in a common housing. In such embodiments, at least some of the 
excitation system and the detection system are provided in a respective, or a 
common, inner chamber located internally of the cormnon housing. The 
excitation system is preferably arranged so that the excitation beam may be 
projected directly out of the cormnon housing and a collection mirror is provided 
to direct incoming light to the detection system. In one embodiment, a 
Cassegrainian mirror system is provided for directing incoming hght to the 
detection system, the Cassegrainian mirror system being located between a first 

■ -inner chamber containing the excitation system and a second inner chamber 

containing at least part of the detection system. 

Fluorometers embodidng the invention are particularly suited for underwater use, 
for example on ROVs or other underwater vehicles, or when moored, towed or 
earned by hand underwater. Other advantageous aspects of the invention 
therefore include the use of the Huorometers for tracing or tracking of plumes of 
fluorescent material in aqueous environments. 

It is preferred to include a laser pointer system, either internally or externally of 
the fluorometer, the arrangement being such that the laser beam is substantially 
aligned with the excitation beam. 

A second aspect of the invention provides a fluorometer in which the excitation 
system and the detection system are provided in a respective housing, the 
respective housings being located adjacent one another and arranged such that 
there is an overlap, dixring use, between the excitation beam emanating from the 



excitation system housing and the field of vision, or detection volume, of the 
detection system housing. 



A third aspect of the invention provides a fluorometer in which the excitation 
system and the detection system are located in a common housing. 

A fourth aspect of the invention provides a method of detecting fluorescent 
material the method comprising producmg a beam of excitation hght capable of 
causing fluorescence in remote fluorescent material; and detecting said 
fluorescence, wherein said excitation source comprises one or more Hght emitting 
diodes (LEDs) associated with a system of one or more lenses in order to produce 
said beam of excitation hght. 

Further advantageous aspects of the invention will become apparent to those 
skilled in the art upon review of the following description of specific 
embodhnents of the mvention and with reference to the accompanymg drawings. 



Brief Description of the Drawings 

Embodiments of the invention are now described by way of example and with 
reference to the accompanying drawmgs in which hke numerals are used to 
indicate like parts and in which: 

Figure 1 presents a schematic view of a first embodunent of a fluorometer 
according the invention; \ 

Figure 2 presents a styhsed plan view of the fluorometer of Figure 1 during use; 

Figure 3 shows the fluorometer .in use mounted on an ROV inspecting an 
underwater pipehne; 
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Figure 4 presents a block diagram of a signal processing system suitable for use 
the fiuorometer of Figure I; 

Figure 5 presents a schematic view of a second embodiment of a fiuorometer 
5 according the invention; 

Figure 6 presents a schematic view of a third embodiment of a fiuorometer 
according the invention; and 
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Figure 7 presents a schematic diagram of an eriibodiment of a fiuorometer 
including a laser targeting system. 

Detafled Bescription of the Drawings 

Referring now to Figure 1 of the drawings, there is shown, generaUy indicated as 
50, a first embodiment of a fiuorometer according to the invention. The 
fiuorometer 50 comprises an excitation unit 52 and a detection uoit 54 which, in 
the present embodiment, are provided as separate, self-contained units. Each unit 
52, 54 comprises a respective housing 1 which, by way of example, may be 
geaeraUy tube-Hke in shape. lu-the pref^ed embodiment, the fiuorometer 50 is 
intended for underwater use, and in particular subsea use, and so the housiags 1 
are configured to be suitably water-tight (see for example water seals 8) and 
pressure resistant and are preferably formed firom a suitable corrosion-resistant 
material. 

The units 52, 54 are mechanicaUy interconuectable by means of a frame 3 or other 
mechanical hnlcage, preferably in a side-by-side' arrangement as iUustrated in . 
Figure 1. The preferred airangement is such that the relative angular disposition 
between the units 52, 54 is adjustable. In Figure 1, the units 52, 54 are shown in a - 
first operational mode in which their respective longitudinal axes are substantially 
paraUel with one another. Jn alternative modes of operation (not illustrated) the 



muts 52, 54 are disposed such that their respective longitudinal axes are 
convergent in a direction generally forward of the fluorometer (i.e. in a direction 
generally towards the target material). In Figure 1, the frame 3 includes a 
pivotable link 3 1 and a detachable link 32 located rearwardly of the pivotable link 
3 1 . When the detachable link 32 is in a detached state, the relative angular 
disposition of the units 52, 54 is adjustable via the pivotable Hnk 31. In 
alternative embodiments (not illustrated), the units 52, 54 may be mechanicaUy 
intercomiectable by. any other suitable means, preferably such that the units 52, 54 
are pivotable with respect to one another about an axis that is generally 
perpendicular to a plane common to both units 52, 54. 

Each unit 52, 54 conveniently includes respective internal support bars 10 on 
which the various components of the unit 52, 54 may be mounted as described 
hereiaafter. 

The excitation unit 52 comprises an excitation source 14 comprising one or more 
Ught emitting diodes (LEDs). Typically, LBDs emitting electromagnetic 
radiation, i.e. hght, in the range 430nm to 500nm are suitable for use in the 
excitation source 14. By way of example, high flux LEDs of the type provided by 
Lumileds Lighting LLC of San~Jose, California, USA (www.lumileds.com) under 
the trade mark LUXEON are suitable. In particular, the LXJXEON V STAR range 
of LEDs, for example the LXHL-LB5C, are suitable. Such LEDs may have a 
typical luminous flux (hn) in the range 18 to 30. Advantageously, the excitation 
source 14 is associated with a heat sink 15. 

Preferably, an optical filter 13 is provided to filter the hght emitted by the 
excitation source 14. For appUcations m which it is desired to detect fluorescein, 
the optical filter 13 is preferably selected to pass Hght wifhhi the range 450nm to 
470nm. In the preferred embodiment, the optical filter is located adjacent the 
excitation source 14. Alternatively, the optical filter 13 may be located at any 
position between the excitation source 14 and the widow 6 (mcluding on either 



side of the lens system 5) provided it is aixanged to filter substantially ail of the 
. light emitted by the excitation source 14. 

It is also preferred to provided a collimator, e.g. a collimating lens, hood or 
5 refleqtor, adjacent the excitation source 14 in order to collimate the Hght emittqd 
therefrom. The collimator reduces the divergence of the emitted Ught (preferably 
to produce a substantially parallel beam). This reduces Ught scatter within lie 
housing 1 and so reduces optical noise. The colKmator may be integrally formed 
with the excitation source 14 - some LEDs include a housing or cover which 
1 0 provides a colhmating effect on the light emanating therefrom. 

A lens system 5 is provided to control the divergence of the hght emitted from the 
unit 52. Preferably, the lens system 5 comprises a collimating lens system 
arranged to receive hght emanating from the excitation source 14 and to produce a 
beam of Hght (not shown in Figure 1) which is generaUy circular or generally 
elhptical in fransverse cross-section. In the preferred embodiment, the lens 
system 5 comprises a single collimating lens. The collimating lens 5 is noimaUy 
positioned within ttie housing such that the LED hght incident on the lens 5 
emanates substantially from the.focal point of the lens 5. In some embodiments, 
this may be achieved by locating the excitation source 14 substantially at the focal 
point of the lens 5. It wiH be understood, however, that the relative position of the 
lens 5 and excitation source 14 may be affected by mtermediate components, e.g. 
tiie collimator adjacent the excitation source 14. In alternative embodiments, the 
lens system 5 may comprise more than one lens and the relative position of tiie 
2 5 , lens 5 and excitation source 14 may be adjusted accordingly. In the preferred 
embodiment, the position of the colhmating lens 5 may adjustable in a direction 
substantially paraUel with the longitiidinal axis of the housing 1 (and therefore the 
longitudinal axis of the beam produced by the excitation source 14) by means of 
any suitable mechanism, e.g. a helical screw mechanism (not shown). 
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The transverse cross-sectional shape of Ihe^ beam emanating firom the excitation 
unit 52 during use may be adjusted by any suitable means. For example, a single 
LED excitation source 14 in conjunction with a collimating lens system 15 
normally produces a beam of substantially circular cross-section. However, by 
5 providing the excitation source 14 with more than one LED arranged in a collinear 
manner (one dimensional array), or arranged in a generally rectangular elongate 
two dhnensional array, a beam of generally elliptical transverse cross-section may 
be produced. Altematively, or in addition, one or more lenses (not shown), e.g. a 
cylindrical or astigmatic lens, may be provided bet^veen the excitation source 14 
1 0 and the window 6 - this too can create a beam of generally elliptical transverse 

cross-section. Altematively stiU, or ia addition, the shape of the LED housiag or 
cover may be selected to shape the beam such that it has a generally elhptical 
transverse cross-section. 

1 5 Electronic control circuitry 12 is provided for controlling the supply of electrical 
current to, and for stabihsing the optical power of, the excitation source 14 (e.g. 
for applying amplitude modulation as is described ia more detail below). The 
• excitation source 14 may also communicate with or be controlled by a system 
processor (not shown in Figure 1), conveniently via circuitry 12. In the present 

2 0 embodiment, the system processor is provided in the detection unit 54 as is 

described in further detail below. In addition, the unit 52 is conveniently provided 
with a conventional extemal connector 2 for supplying electrical power and 
allowing data transmission (e.g. via as RS-232 interface) to^ and from an extemal 
system (not shown). 

25 - \' 

In the preferred embodiment, the hght emitted by the excitation source 14 is 
modulated, conveniently by amplitude modulation. This may conveniently be 
achieved by controlling the current supphed to the excitation source 14 in 
accordance with a desired modulation signal. By way of example, .the hght may 

30 be amplitude modulated at a jfreqiiency of approximately 750Hz. 
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The light beam-produced by the lens system 5 passes through a optical plate or 
window 6 into the surrounding environment. The window 6 may be optically 
passive (e.g. plain glass or plastics) or may be active (i.e. comprise a lens) to assist 
in the shaping of the beam. 

' Figure 2 illustrates the hght beam 60 produced by the excitation unit 52: It will be 
seen that the excitation beam 60 is divergent in a direction generally forward of, 
or away from, the xmit 52, The beam 60 is generally conical in shape, having.a 
generally circular or elhptical transverse cross-section, and so defines a generally 
conical excitation volume, i.e. a target volume in which fluorescent material is 
excited by the excitation beam 60. When used underwater, the excitation volume 
comprises a body of water. This is illustrated in Figure 3 which shows an 
underwater vehicle 65, such as an ROV or AUV, caixying the fluorometer 50. 
The excitation beam 60 is incident on and around an underwater pipeline 67. The 
pipeline 67 carries a load, typically of liquid or gaseous form, which exhibits 
fluorescence (either inherently or as a result of an added fluorescent tracer). 
Should there be a leak in the pipeline 67, then fluorescent material will be present 
at or around the pipehne 67 in the vicinity of the leak. When such fluorescent 
material falls within the excitation beam 60 it is caused to fluoresce thereby 
emitting light in a frequency band which'depends on the characteristics of the 
fluorescent material or species. In this example as the ROV 65 navigates along 
the pipeline 67, the light beam 60 is directed onto the pipeline 67 at an altitude or 
distance of typically a few meters, the pipeline 67 may thus be efficiently 
monitored for leaks. 

It will be seen from the foregoiag that the fluorometer 50 is capable of causing 
excitation of fluorescent material remotely, i.e. up to several meters from the 
fluorometer 50. For typical underwater applications, for example for the 
inspection of pipelines risers and^similar structures, the excitation unit 52 is 
arranged to produce a beam 60 which is approximately 1 meter wide at a distance 
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of approximately 1.5 meters from the winqow 6 of tiie trait 52. This allows the 
beam to encordpass a typical riser or pipeline and the surrounding water. 

The detection unit 54 includes a fluoresceace detection system for detection of 
5 fluorescence emanating from a substantial part of the excitation volume 
illuminated by the excitation beam 60. The hitensity of this fluorescence is 
radicative of the concentration of the target fluoresceat material in. the illTHninated 
excitation volume. The detection unit 54 iacludes aa optical plate or window 6, 
which may be similar to the window 6 of the excitation unit 52, and a lens system 

10 25, The lens system 25 of the detection unit 54 is arranged to define a detection 
volume from which light is directed or focussed onto a photodetector 19. The 
detection volume is illustrated in Figure 2 defined by broken lines 62. Typically, 
the detection volume 62 is generally conical in shape. Because the excitation unit 
52 and the detection unit 54 are located adjacent one another, there is an overlap 

1 5 volume defined by the overlap of the excitation volume 60 and the detection 
volume 62. The detection unit 54 is able to detect fluorescence caused by the 
excitation beam 60 which is present in the overlap volume. 

It is prefeired that the detected fluorescent light is filtered before reaching the 
2 0 photodetector 1 9 . Hence, the detection unit 54 includes an optical filter 1 1 

between the photodetector 19 and the lens system 25. The optical filter 1 1 is 
selected hght to allow only light within the emission range of the target 
fluorescent species to reach the photodetector 19. 

25 It is also preferred to provide a light baffle 9 in' the path of the received 

fluorescent light, preferably between the lens system 25 and the filter 1 1, in order 
to reduce the amount of scattered Hght received by the photodetector 19. 

The photodetector 19 comprises an optical-to-electrical transducer and may take 
30 any suitable form, for example a conventional photodiode or photomultipUer. The 
photodetector 19 receives a focussed, and preferably optically filtered, optical . 



signal comprising the received flnorescent^light, and produces a corresponding 
electrical signal. The characteristics of the electrical signal are indicative of the 
concentration of the target fluorescent material in the illuminated excitation 
volume. 

The detection unit 54 includes a processing system 20 for recei'^ong and analysing 
the electrical signal produced by the photodetector 19. A preferred embodiment 
of the processing system 20 is illustrated in Figure 4. The received electrical 
signal, which is analogue ia form, is provided to an analogue-to-digital converter 
(ADC) or sampling device 22, preferably via a gain controllable amphfier 21. 
The ADC 22 produces a digital signal which is representative of the received 
electrical signal. The digital signal is provided to a digital signal processor 24 for 
analysis. In this connectioii, the fluorescent light caused by the excitation beam 
60 is modulated in a manner similar to the modulation of the excitation beam 60. 
Hence, the electrical signal produced by the photodetector 19 comprises a signal 
component corresponding to the modulation of the excitation beam 60. The 
amplitude of this modulation signal component is indicative of the intensity of 
the fluorescent Hght caused by the interaction of the excitation beam 60 and the 
target fluorescent material. Hence, the .digital signal processor 24 is arranged to 
measure, ox obtain, the amphtude, or value, of the signal component of the 
received digital signal which is present at, 'or substantially at, the modulation 
frequency of the excitation beam 60. Conveniently, the digital signal processor 24 
may achieve this by transforming the received digital signal into the frequency 
domain, e.g. using the Fast Fourier Transform (FFT), and measuring, or obtaining 
the amplitude, or value, of the resulting spectral component in a frequency band at 
or around the modulation frequency. Modulating the excitation beam 60 and 
detecting fluorescent signals at the modulation frequency, reduces the possibility 
that the detection unit 54 may make a false or inaccurate detection as a result of 
interference from, for example, background noise in the relevant frequency band. ■ 
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By way of example, where the excitation t^eam 60 is modulated at 750Hz, the 
digital signal processor 24 determmes the level of detected fluorescence from the 
target fluorescent material by measuring , or obtaining, the amphtude, or value, of 
the spectral component at or around 750Hz. The ADC 22 should sample the 
5 electrical signal at at least twice the modulation frequency, for example at 
approximately 48KHz. 

The processing system 20 preferably also iacludes a system control processor 26 ' 
for receiving and analysing data provided to it by the digital signal processor 24. 

1 D The digital signal processor 24 provides to the system processor 26 data 

comprising the detected value of the spectral component at the modulation 
frequency. The processing system 20 preferably includes a communication 
interface 28 by which the system processor 26 may corranunicate with a remote 
system (not shown), for example an information display system (to this end the 

1 5 detection unit 54 includes one or more connectors 2 for aUowiag data 

transmission to and from the unit 54 aad, in some embodiments, also for 
supplying power to the unit 54). The system processor 26 may communicate data 
relating to the detected intensity of target fluorescent material to external systems 
via the interface 28. hi the preferred embodiment, the system processor 28 

2 0 includes an analysis routine for~comparing the measured value of the spectral 
component at the modulation frequency (i. e. the detected intensity of target 
fluorescent material) against one or more threshold levels and, if one or more 
thresholds are exceeded, for generating one or more alarm signals. The alarm 
signals may be sent to an external system via the interface 28. Preferably, the 

2 5 system processor 26 causes an audible alann to be generated, either locally or 

remotely, if detected fluorescence levels exceed a pre-determiaed threshold. This 
is particularly useM in apphcations where the fluorometer is carried by an ROV, 
or the like, since the ROV operator may ignore the fluorometer until an audible 
alarm is heard. 

30 
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The digital signal processor 24 and the ADC 22 are convenieatly provided with a 
common clock signal from an on board osciUator 30. A digital-to-analogue 
converter 32 may also be provided to aUow the digital sigtial processor 24 to 
provide outputs for testing and diagnostic purposes. 

The detection unit 54 allows target fluorescent material, and in particular 
relatively high concentrations thereof, to be detected in real tune, thereby giving 
animmediate indication of likely lealc locations. This allows a concentration map 
of detected target fluorescence to be generated. 

In Figures 1 and 2, the fluorometer 50 is shown in a fet mode of operation 
wherein the respective longitudinal axes of the excitation and detection units 52, 
54 are substantiaUy parallel with one another and the excitation beam 60 and the ' 
detection volume 60 are substantially ahgned with, or centred on, the respective 
longitiidinal axis. In this mode of operation, the shape of the overlapping volume 
defined by the overlap of the excitation volume 60 and the detection volume 62 
enables the fluorometer 50 to detect fluorescence remotely from a distance of 
several meters. However, in some apphcations there may be complex plume 
patterns of the target fluorescent species present due to multiple leaks or a high 
background level of target fluorescent material. In such cases the fluorescence 
from this material can malce it difficult to remotely locate Ihe source of a leak. In 
order to suppress the contribution of such background fluorescence it is desirable, 
to be able to preferentially select the region of the water containing the object 
being inspected for leaks, e.g. a pipe. In the embodiment of Figure 1, this is 
achieved by varying the region of overlap office excitation beam 60 (or excitation 
volume) and the detection volume 62. In the preferred embodiment. Ibis is may be 
performed by adjusting the relative angular disposition of the two units 52, 54 
with respect to one other so that the respective longitudinal axes converge in a 
direction generally forward of the fluorometer 50. THs has the effect of Ihniting ^ 
the overlap of the excitation bearh 60 and tiie detection volume 62 to a finite 
region relatively close, e.g. "2 to 4 metres, to the fluorometer 50. Alternatively, ihe 
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divergence of the excitation beam 60 may be altered. This may be achieved by, 
for example, adjusting the distance between the excitation source and the lens 
system 5 and/or selection of a lens system 5 with appropriate characteristics 
and/or by adjusting the spacing between LEDs at the excitation source. 
Alternatively still, the angle of the beam 60 and/or detection region 62 with 
respect to 1iie respective longitudinal axis may be altered. ITiis arrangement 
allows the suppression of background fluorescent material remote from the region 
of interest and thus improves the leak detection process. 

Figures 5 and 6 iUustrate respective alternative embodiments of a fluorometer 
according to the mvention in which the excitation system and the detection system 
are included in a single unit or housing. 

Referriag to Figure 5, a fluorometer 150 is shown comprisiag a main housing 101 
which, by way of example, may be generally tube-like in shape. In the preferred 
embodiment, the fluorometer 150 is intended for underwater use, and in particular 
subsea use, and so the housing 101 is configured to be suitably water-tight and 
pressure resistant and is preferably formed from a suitable corrosion-resistant 
material. The housing 101 includes an optical window or plate 106 (which may 
be optically active or passive) through which hght may be projected and received. 

An inner housing or chamber 170 is provided internally of the main housing 101 
and is preferably located substantially along the longitudinal axis of the main 
housing 101. The inner chamber 170 is generally tube-like or sleeve-hke and is 
foraied from a material that is substantially impermeable to light. Mechanical 
supports 1 10 are provided for holding the inner chamber 170 in its desired 
location. The inner cliamber 170 contains the excitation system nicluding an 
excitation source 114, heat sink 115 and, preferably, optical filter 113 which may 
be generally similar to the corresponding components of the embodiment of 
Figure 1 and to which similar descriptions apply. The excitation system also 
includes a lens system 105, and in particular a-colhmating lens system, for 
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controlling, and in particular reducing, the, divergence of the light beam produced 
by tiae excitation source 114. Iq Figure 5, the lens system 1 1 5 is shown to 
comprise two spaced apart collimating lenses, although in altenrntiye 
embodimeats, a single coUimating lens would suffice. An aperture stop 116 may 
advantageously be associated with the leas system 115 (e.g. located between the 
two collimating lenses) for restricting the oocuirence of stray Hght. The excitation 
system produces an excitation beam (not shown) which is generally similar to the 
beam 60 produced by the fluorometer 50 and which is projected from the 
fluorometer 150 via window 106. Electronic control circuitry 1 12 is provided for 
controlling the excitation system, including the modulation of the excitation beam, 
and may be generaUy similar to the circuitry- 12 of Figure 1 . 

The inner chamber 170 also houses at least some of the components of the 
detection system including a photodetector 1 19, preferably an optical filter 1 1 1 
and a lens system 125 each of which may be generally similar to the 
corresponding components of the fluorometer 150 and to which similar 
descriptions apply. The lens system 125 is located at or adjacent an open end of 
the chamber 170, which open ead is opposite the open end at which the lens 
system 105 of the excitation system is located. The lens system 125 is arranged to 
receive Hght and to focus or direct the received light onto the photodetector 119, 
preferably via optical filter 1 1 1 . The lens system 125 may comprise a field lens' ' 
127 and a coUimating lens 129 or may alternatively comprise only a collimating 
lens. When present, the field lens 127 is located at or adjacent the open end of L 
chamber 170 and is arranged to extend the field of view of the detection system 
housed within the chamber 170 and to direct light onto the collimating lens 129. 
The colhmating lens 129 further reduces the divergence of the received Hght, 
advantageously producing a generally paraUei beam of Hght directed onto,, or ' 
focussed onto, the photodetector 119. 

30 The detection system further indludes a coUection mirror 1 80 located inside the 
mainhousing 101 but outside offhe inner housing 170. In the preferred ' 
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embodiment, the detection system, includmg mirror 180, and the excitation 
system are substantially collinear, i.e. the excitation sottrce 114, the lens systems 
125, 105, the photodetector 119 and the mirror 180 are centred substantially on or 
around a common axis, conveniently the longitudinal axis of the housing 101 . 
5 Hence, the respective focal points of the mirror aad lenses lie substantially on a 
common axis. 

The coRection mirror has a light reflecting surface 182 which faces the optical 
wiadow 106. The arrangement is such tliat fluorescent light, entering the housing 

10 101 via the area of window 106 which surrounds the inner chamber 170, is 

incident upon the reflective surface 182 of the mirror 1 80 and is reflected towards 
the open end of the inner chamber 170 which carries the lens system 125, The 
arrangement is such that the lens system 125, or more particularly the field lens 
127 is located substantially at the focal point of flae mirror 180. Hence, light 

1 5 gathered by the mirror 1 80 is focussed onto the field lens 127. 

A processing system 120 is provided for receiving and analysing the electrical 
signal produced by the photodetector 119. The processing system 120 may be 
generally similar to the processing system 20 illustrated in, and described with 

2 0 reference to. Figure 4. 

Refeixing now to Figure 6, there is shown a third embodiment of a fluorometer 
250 embodying the invention. The fluorometer 250 is generally similar to the 
fluorometer 150 and Hke numerals are used to indicate like parts. The housing 
25 201 includes a first inner chamber 270 which is generally similar to the inner . 
chamber 170 of fluorometer 170 and contains the excitation system including 
excitation source 214, heat sink 215, optical filter 213 and lens system 205, all of 
which may be similar to the corresponding components of fluorometer 150 and to 
which corresponding descriptions apply. A primary mirror 280 is provided in the 

3 0 housing 201 and may be arranged within the housing in a manner similar to mirror 

180 of fluorometer 150 in order to collect light which enters the housing 201 via 



1 



15 



20 



18 



window 206. A secondary mirror 284 is provided substantiaUy at the focal point 
of the primaiy niirror 280. The secondaiy mirror 284 is arranged to reflect the 
light focused, or directed, onto it by the primaiy mirror 280 such that the reflected 
Hght is brought to a focus substantiaHy at aa aperture 286 formed in the primary 
5 mirror 280, preferably at the centre of the primaiy mirror 280. In the preferred 
embodiment, the primaiy miixor 280 and secondary mirror 284 together comprise 
a Cassegrainian mirror system wherein the primary mirror 280 is generally 
paraboloidal ia shape and the secondary mirror 284 is generally hyperboloidal in 
shape. Preferably, a light baffle 209 is provided at or adjacent the aperture 286 to 
1 0 guide the reflected light through the aperture 286. The detection system is located 
beyond the primary mirror 280 (with respect to the window 6) in a second inner 
housing 271 . The second inner housing or chamber 271 contains the lens system 
225 (preferably including field lens 227 and collimating lens 229), optical filter 
211 and photodetector 219, each of which may be generally similar in form and 
arrangement to the corresponding components in the inner chamber 170 of 
fluorometer 150 and to which similar descriptions ^ply. The reflected hght 
which passes through the aperture 286 is received by the lens system 225 and 
processed by the detection system in a maimer substantially similar to that 
described for fluorometers 50, 150. In the preferred embodiment, the detection 
system, including mirrors 280, 284, aperture 286 and the excitation system , are 
substantially colhnear. 



A processing system 220 is provided for receiving and aaalysing the electrical 
signal produced by the photodetector 219. The processing system 220 may be 
generaUy similar to the processing system 20 illustrated in, and described with 
reference to. Figure 4. 
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The provision of the primary aad secondary mirrors 280, 284 folds or bends the 
path of the received hght through the housing 201 with the result that the overall 
length of the housing 201 may be reduced. 
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Duiing use, it can be important to ensure tkat the fluorometer 50, 1 50, 250 is 
monitoring the target underwater object e.g. pipeline or riser. When underwater 
currents are present, the fluorometer 50, 150, 250 may not be pointed directly at 
the target in order to compensate for the effects of the current on the excitation 
5 beam and fluorescent light. It is therefore preferred to incorporate a laser pointer 
system 90 (see Figure 7) either into or onto the housing 1,101, 201.<such that a 
laser beam (not shown) may be provided which projects, during use, generally 
forwardly of Ifae fluorometer 50, 150, 250 and generally parallel with, or coUinear 
with, the centre of the excitation beam, which in the preferred embodiments is 

1 0 generaUy along or parallel with the longitudinal axis of the housing 1, 101, 201 . 

The laser pointer 90 comprises a laser source (not shown) for producing a laser • 
beam at a wavelength that is both cleady visible to the operator and distinct from 
the wavelength of the excitation beam. Typically, the pointer 90 may be a doubled 
diode pumped Nd:YAG system operating at 532nm or a laser diode system 

1 5 operating at 665nm. The laser pointer beam may simply be in the form of a dot or 
may be a distinct pattern such as a cross. As ROVs and mini-sub type vehicles are 
routinely navigated under water by an operator usiag cameras mounted on the 
■ vehicle, the laser pointer 90 will allow the operator of an ROV or mini-sub to 
easily see if the target is being effectively monitored for leaks. To further improve 

20 the efficiency and ease of use of the fluorometer 50, 1 50, 250, it may be mounted 
on the same pan-and-tilt stage (not shown) as the operator's camera or may be 
carried by a sepaxaie but synchronised pan-and-tilt stage (not shown). In this way 
as long as the operator keeps the camera pointed and centred on the target the 
excitation beam is also pointed at the target. 

25 

In some underwater monitoring applications it inay be that there are multiple 
objects, for example pipes, in close proximity to one another. To facihtate the 
monitoring of discrete objects, or sections of objects, in such cases the system 
may include a focusing system on both the excitation and detection units. This 
3 0 allows the divergence of excitation beam and the effective collection angle of the . 
detection system to be varied such that the fluorometer 50, 150, 250 is targeting a . 
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smaller volume, thus making it easier to monitor closely packed objects. For the 
excitation system, the focussing system may be implemented by slidably 
mounting one or both of the excitation source 14, 1 14, 214 and lie lens system 5, 
105, 205 within the housing 1, 101, 201. By way of example, in the embodiments 
of Figures 1, 5 and 6, the excitation source 14, 1 14, 214 is sHdably mounted, by 
any convenient means, ih'the housing 1,101, 201 for sliding movement in a 
direction towards or away from the lens system 5, 105, 205. Movement of the 
excitation source 14, 1 14, 214 may be achieved by any suitable means, for 
example a heHcal screw mechanism 23. For the detection system, the focussing 
system may be implemented by slidably mountiag one or botii of the 
photodetector 19, 119, 219 and the lens system 25, 125, 225, or the mirror 180, 
280 within (lie housing 1, 101, 201.- By way of example, in &e embodiment of 
Figure 1, the photodetector 19, 1 19, 219 is sHdably mounted, by any convenient 
means, in the housing 1 for sHding movement in a direction towards or away from 
the lens system 25, 125, 225. In the embodiments of Figure 5, the mdrror 180, 182 
is sKdably mounted, by any convenient means, in the housing 101, 201 for sliding 
movement in a direction towards or away from the lens system 25, 125, 225 or 
secondaiy mirror 284. Movement of the photodetector 19, 119, 219 or mirror 
180, 280 may be achieved by any suitable meaas, for example a heHcal screw 
20 mechanism 23, 123, 223. 

It will be understood that the selection of LEDs and optical filters is appHcation 
dependent. For example, by using one or more LEDs with shorter emission 
spectrum wavelength, e.g. aromid 350mn, and using corresponding optical filters, 
e.g. withapassbandofaround300-400mn,thefluorometer50, 150, 250 may be' 
used to excite and detect fluorescence in oil. 

It will be understood from the foregoing that in preferred embodiments of the 
invention, the excitation source.l4, 114, 214 comprises one or more LEDs ^dis " 
associated with a lens system in 6rder to produce the excitation beam. LEDs are 
safer than lasers and require less power. Accordingly, the fluorometers 50, 150, 
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250 may be smaller, lighter and less expensive than alternative laser-based 
devices. Moreover, by using more than one LED, tiie transverse cross-sectional 
shape or size of the excitation beam can be adjusted to suit a desired application 
without adding significantly to the amount of power required by the excitation 
source. For example, two or more LEDs may be arranged in a collinear fashion to 
produce a beam which is generally elliptical in transverse cross-section, the 
number of LEDs used determining the width or breadth of the beam. 

However, it will also be understood that the fluorometers described herein may be 
used with alternative excitation sources, e.g. laser excitation sources, while stm 
benefiting firom various advantageous aspects of the invention as described herein. 

The invention is not limited to the embodimaits described herein which may be, 
modified or varied without departing firom the scope of the invention. 
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